 Thermal decomposition method using PVA as solvent improves RuO 2 -IrO 2 anode lifetime  The most suitable calcination temperature was proven to be 300 °C  Charge-transfer resistance of PVA-made anodes is 8-fold lower than for Pechini anodes  PVA-made anodes are more efficient towards reactive blue 21 dye oxidation.
heating the solution up to 90 °C for complete dissolution. The molar ratio of RuCl 3 -IrCl 3 /CA/EG was maintained at 1:3:10 (with the molar ratio Ru/Ir = 0.5/0.5).
Finally, the obtained precursor solutions were brushed over the titanium plates and afterwards heated up to 130 °C being kept for 30 min, then up to 250 °C being kept for 10 min and finally calcinated at 300, 400 or 500 °C for 5 min. This procedure is repeated, for both methods, until a mass loading of 1.2 mg cm -2 is achieved. Finally, when this condition is achieved, the anodes are submitted to a final calcination process at 300, 400 or 500 °C for 60 min.
Physical characterisation
The XRD patterns of the obtained anodes were recorded in a diffractometer (RIGAKU RINT 2000 / PC), with Cu radiation Kα (wavelength = 1.5406 Å), in a scan interval 2θ between 20°
and 80°, in continuous scan mode with steps of 0.02°. Phase identification was performed using the Joint Committee on Powder Diffraction Standards (JCPDS) database by using the X'pert High Score Plus software version 2.2.2. The surface morphology and composition of the coating were analysed by SEM in a JEOL model JMC 5700 microscope equipped with Xray detector for EDX spectroscopy.
Electrochemical characterisation
The electrochemical measurements, CV, LSV, morphology factor (φ), accelerated service lifetime tests and EIS were performed in a one-compartment three electrode cell by using a potentiostat/galvanostat (PGSTAT302N METROHM AUTOLAB) equipped with Nova 2.0
Metrohm Autolab Software. The reference and the counter electrodes were an Ag/AgCl (3.0 mol L -1 KCl) and a 2 cm 2 platinum counter electrodes, respectively. The working electrode consisted of the Ti/RuO 2 -IrO 2 synthesised.
Cyclic voltammetry experiments were performed at 50 mV s -1 in 0.1 mol L -1 Na 2 SO 4 solution, between the potential limits from 0.2 V to 1.2 V. The total voltammetric charges (q*), which can be considered as a relative measure to electrochemically active surface areas, were calculated by integrating the area of the cyclic voltammograms [36] . According to methodology proposed by Da Silva et al. [37] , consecutive voltammetric curves were recorded at several scan rates (10-300 mV s -1 ) in a 0.1 mol L -1 Na 2 SO 4 medium, in order to determine the morphology factor of each anode prepared. The EIS measurements were performed in 0.5 mol L -1 H 2 SO 4 medium covering a frequency range of 1 mHz-100 Hz using an AC sine signal amplitude of 5 mV with a logarithmic distribution of 10 frequencies per decade. The potential applied for each electrode was 1.12 V which corresponds to the oxygen evolution reaction (OER) onset potential at each anode studied (according to data obtained with LSV in the same electrolyte). EIS data was treated using Zview 2.0 software.
The accelerated service lifetime tests were carried out in 1.0 mol L -1 H 2 SO 4 solution by applying 1 A cm -2 in order to evaluate the electrochemical stability of metal oxides under drastic electrolysis conditions. The operational electrocatalytic conditions of the electrode were considered viable until the potential response of the anode was over 10 V.
Electrochemical oxidation of RB21
The electrochemical oxidations of the Reactive Blue dye (RB21) were carried out in 100 mL of solution containing 50 mg L -1 of the dye in 0.1 mol L -1 Na 2 SO 4. To evaluate the effect of chloride ions in the electrolyte, the experiments were also carried out in sodium sulphate solutions with the previous concentration containing 0.005, 0.010 and 0.020 mol L -1 NaCl.
The colour removal was evaluated as a time function and representative samples were 
where Abs 0 and Abs t are, respectively, the absorbance of the solution before and at a given time of electrolysis.
Total organic carbon (TOC) analysis was carried out at the end of 120 min of using the SHIMADZU TOC-L equipment. In this technique, TOC is calculated by difference between total carbon (TC) and inorganic carbon (IC). Figure 1 and 2 display the SEM images of the Ti/RuO 2 -IrO 2 anodes synthesised, respectively, by the PVA and Pechini methods, in different temperatures. Note the presence of cracks on the anode surfaces, which are attributed to the mechanical stress resulted from the plasticity of the coating and the difference of the thermal expansion coefficients between the substrate and the film. This "cracked-mud" appearance has been commonly reported for coatings deposited by using thermal decomposition [24, 38, 39] . Additionally, for both methods, as the temperature increases the surface becomes smoother. This fact is commonly associated to grain growth (swelling effect) and agglomeration of the particles at high temperatures [40, 41] . For the PVA anodes ( Fig. 1) , a more homogeneous surface is obtained at 300 °C than those obtained at 400 and 500 °C. Similarly, the surfaces of the Pechini anodes (Fig. 2) presented a homogeneous aspect when synthesised at 300 and 400 °C, whereas at 500 °C the surface is less homogeneous. Although similar cracked-mud structures were obtained, the PVA anodes presented surfaces with minimised number of deeper cracks when compared to Pechini ones. As a result, for both methodologies, 300 °C stands out as the most suitable temperature amongst those investigated, presenting a more homogeneous surface. To confirm the coatings chemical composition, EDX analyses were performed for all synthesised anodes. The XRD patterns of the prepared anodes at different temperatures are shown in Figure 3 . The curves were normalized by the Ti peak at 40.32°. In both cases, the PVA ( Table 2 shows the voltammetric charge values found for all prepared anodes. The higher the calcination temperature the lower the electrochemically active area of the anodes. This is because the increase of the calcination temperature leads to grain growth, thus reducing the surface area, as discussed previously. However, when comparing both methods, the PVA-made anodes stands out with expressive values of voltammetric charge.
Results and discussion

Physical characterisation
Electrochemical characterisation
Amongst the studied temperatures, the PVA anode prepared at 300 °C has a voltammetric charge value 242% higher than the correspondent anode prepared by Pechini method.
Likewise, the PVA anodes prepared at 400 °C and 500 °C also present higher voltammetric charge than Pechini anodes, 193% and 185%, respectively.
The morphology factor can be considered as a measure of the contribution of the internal sites of the electrodes to the total differential capacitance and is determined as the ratio in Equation (2) [37, 43] . Morphology factor values were then determined for the anodes prepared at 300 °C, according to the methodology described by Da Silva et al. [37] As recommended, cyclic voltammograms recorded in the short capacitive potential range of 0.0-0.2 V vs Ag/AgCl (where only double layer charging occurs) allowed the determination of the capacitive current (j c ). As reported by Da Silva et al. [37] the potential used to determine j c should be localised as close as possible to the anodic switching potential, on the last 20 % of the capacitive potential range (ΔE), in order to obtain meaningful results.
As result, Fig. 5 shows the dependence of the capacitive voltammetric current density, j c , on ν., of the anodes calcined at 300 °C obtained by both methods. Two linear segments are located in the low and high scan rates, indicating the existence of two distinct surface regions described as typical behaviour exhibited by highly roughness films [37] . Table 3 . A morphology factor near to 1 is seen for both anodes, which indicates that, regardless the preparation method, Ti/RuO 2 -IrO 2 anodes presented a higher contribution of the internal sites of the coating. anodes, as previously seen in SEM image (Fig. 1a) . As result, the presence of deeper cracks on Pechini anodes surfaces facilitates the electrolytic solution penetration through these cracks and increases the pressure inside the anode caused by the internal O 2 evolution, which is the main factor for fast anode deactivation [46] [47] [48] . 
Electrolysis of Reactive Blue 21 dye
To investigate the electrocatalytic activity, the PVA and Pechini anodes calcined at 300 °C TOC analyses (Fig. 9) were conducted before and after 120 min the electrolysis to evaluate the treatment efficiency on the mineralisation of RB21 dye with different chloride concentrations added to the electrolyte. The data show that higher TOC removal is obtained with the decrease of chloride in solution for the treatments performed with both PVA and Pechini anodes. This result suggests the formation of intermediates more difficult to mineralise. Moreover, (Fig. 9a ) a significant reduction, around 37 % in the TOC, is observed for the PVA anodes after 120 min of electrolysis, whereas just a maximum TOC removal, of 20%, occurred for the Pechini anodes.
As pointed out by Polcaro et al. [50] , Taking this into account, they determined an optimum chloride concentration of 0.01 mol L -1 .
In the present study, considering the chlorine effect on both colour and TOC removal, it can be asserted that active chlorine shows a good selectivity for the break-up of the chromophore group leading to a rapid discolouration. However, at a certain point a negative effect in TOC removal is observed probably due to undesired chlorinated by-products.
Finally, considering the higher TOC and colour removal percentages were attained when employing the PVA anodes, since they are more catalytic and more dimensionally stable than the Pechini anodes. 
Conclusions
This study reported, for the first time, the synthesis of Ti/RuO 2 -IrO 2 anodes prepared by using a PVA-assisted thermal decomposition method. 
